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INTRODUCTION 

The c h a r a c t e r i s t i c s  t h a t  un ique ly  d e s c r i b e  t h e  problem d r i v e r  
( i . e . ,  t h e  d r i v e r  who has a l a r g e  number of a c c i d e n t s )  must be d e t e r -  
mined b e f o r e  e f f e c t i v e  countermeasures  can  be i n s t i t u t e d .  Dr iv ing  
r e c o r d s  a r e  main ta ined  by a l l  s t a t e s ,  and d e s p i t e  c e r t a i n  shortcomings 
beyond t h e  c o n t r o l  of t h e  r eco rd -keepe r s ,  t h e s e  r e c o r d s  should  not  be 
overlooked a s  s o u r c e s  of v i t a l  p r e d i c t i v e  in fo rma t ion .  Data a n a l y s i s ,  
combining s t a t i s t i c s ,  powerful  computing hardware and s o f t w a r e ,  and 
q u a l i f i e d  s c i e n t i f i c  judgment can begin t o  de te rmine  what t h e s e  
l a r g e  bod ie s  of d a t a  have t o  t e l l  u s .  

The o b j e c t i v e  of t h e  o v e r a l l  r e s e a r c h  program--the f i r s t  s t e p  of 
which is r e p o r t e d  here- - i s  t o  c r e a t e  a mathematical  model by which 
groups of problem d r i v e r s  can be i d e n t i f i e d  from t h e i r  d r i v i n g  r e c o r d s .  
Because of t h e  c o m p l e x i t i e s  of c h a r a c t e r i z i n g  human behav io r ,  i t  is 
u n l i k e l y  t h a t  t h e  model w i l l  be a b l e  t o  p r e d i c t  i n d i v i d u a l  problem 
d r i v e r s .  However, i f  problem groups can  be i d e n t i f i e d ,  t hen  counter -  
measures can be c o n c e n t r a t e d  where they  should  have t h e  g r e a t e s t  e f f e c t .  

PRELIMINARY FINDINGS 

1. The average  number of a c c i d e n t s  per  d r i v e r  f o r  a l l  d r i v e r s  over  
t h e  6.5-year  pe r iod  ( January  1, 1961 - June 1, 1967) is 0 .42 .  I n t e r -  
e s t i n g l y ,  a s t u d y  (2)  conducted i n  C a l i f o r n i a  of 150,000 d r i v e r s  dur- 
ing  t h e  y e a r s  1961 through 1963 r e p o r t e d  an average  number of a c c i d e n t s  
of 0 .20  f o r  t h e  th ree -yea r  p e r i o d .  

2 .  Groups of problem d r i v e r s  who have a s i g n i f i c a n t l y  g r e a t e r  
number of a c c i d e n t s  t han  t h e  average  a c c i d e n t  r a t e  f o r  t h e  e n t i r e  
group of d r i v e r s  can  be i d e n t i f i e d .  Th i s  i d e n t i f i c a t i o n  has been 
accomplished w i t h  only  t h a t  d a t a  c u r r e n t l y  a v a i l a b l e  i n  o f f i c i a l  d r i -  
ve r  f i l e s .  

3 .  The most s i g n i f i c a n t  s i n g l e  i d e n t i f i e r  of t h e s e  problem 
d r i v e r s  is  t h e  t o t a l  number of c o n v i c t i o n s .  Those d r i v e r s  who d i d  not  
i n c u r  any c o n v i c t i o n s  over  t h e  s i x  and one-half year  pe r iod  of t h i s  
s t u d y  had an a c c i d e n t  r a t e  which was almost  one - th i rd  t h a t  of t h e  
average  d r i v e r  i n  t h e  S t a t e  of Michigan. 

4 .  There a r e  s i g n i f i c a n t  i n t e r a c t i o n s  between t h e  t o t a l  number 
of c o n v i c t i o n s  and o t h e r  f a c t o r s  a s  r e p o r t e d  by t h e  Michigan Dr iver  
Record-Keeping System. For example, of t h e  d r i v e r s  w i th  c o n v i c t i o n s ,  
( a )  male d r i v e r s  have a h ighe r  average  number of a c c i d e n t s  than  f e -  
male d r i v e r s ,  (b)  d r i v e r s  i n  t h e  age group 20-25 have more a c c i d e n t s ,  
and,  ( c )  c h a u f f e u r s  o r  commercial d r i v e r s  have a h ighe r  number of 
a c c i d e n t s  than  do persons  having o p e r a t o r  l i c e n s e s .  For t h e  d r i v e r s  
who d i d  no t  have any c o n v i c t i o n s ,  t h e s e  d i f f e r e n c e s  d i d  no t  o c c u r .  



5.  Th i s  s t u d y  should  be extended t o  p rov ide  s h a r p e r  t o o l s  f o r  
i d e n t i f y i n g  groups of problem d r i v e r s .  Two major t y p e s  of expansion 
a r e  needed: 

a .  An i n c r e a s e  i n  t h e  number of f a c t o r s  c o n s i d e r e d .  Th i s  
would a l low u s  t o  r e f i n e  our  i d e n t i f i c a t i o n  of groups 
of problem d r i v e r s .  For example, we a r e  c o n f i d e n t  
t h a t  t h e  i n c l u s i o n  of a d d i t i o n a l  a lcohol- involvement  
d a t a  would s i g n i f i c a n t l y  improve t h e  p r e d i c t i v e  capa- 
b i l i t y  of t h e  model.  

b .  An i n c r e a s e  i n  t h e  number of d r i v e r s  c o n s i d e r e d .  Th i s  
w i l l  a l l ow a  b e t t e r  c a n c e l l i n g  of random f a c t o r s  no t  
i nc luded  i n  t h e  s t u d y .  I t  w i l l  a l s o  p rov ide  a  means 
f o r  bo th  t e s t i n g  t h o s e  hypotheses  based on t h e  p r e s e n t  
s m a l l  sample and f o r  g e n e r a t i n g  new hypotheses .  

DISCUSSION 

The dependent  f a c t o r  chosen i n  t h i s  s t u d y  was t o t a l  number of 
a c c i d e n t s  i n  t h e  6.5-year p e r i o d  from January  1, 1961 through June 1, 
1967; t h i s  is  t h e  measure of d r i v e r  q u a l i t y  used i n  t h i s  s t u d y .  The 
Michigan S t a t e  P o l i c e  d a i l y  submit  a c c i d e n t  d a t a  t o  t h e  Department of 
S t a t e .  The d a t a  a r e  t aken  from a c c i d e n t  r e p o r t s  which a r e  submi t t ed  
t o  t h e  s t a t e  p o l i c e  by a l l  of t h e  r e p o r t i n g  agenc ie s  i n  t h e  s t a t e .  
Usua l ly ,  t h e  d a t a  a r e  a v a i l a b l e  w i t h i n  a  few days t o  a  month fo l low-  
i n g  t h e  a c c i d e n t .  

The independent  f a c t o r s  from t h e  Department of S t a t e  d r i v e r  f i l e s  
t h a t  were r e t a i n e d ,  fo l lowing  c o n s i d e r a b l e  p r e s e l e c t i o n ,  a r e  g iven  
below. U n f o r t u n a t e l y ,  s e v e r a l  t y p e s  of c o n v i c t i o n s  which we b e l i e v e  
may be h i g h l y  p r e d i c t i v e ,  such  a s  Reck le s s  Dr iv ing  and D.U.I.L., had 
t o  be d i s c a r d e d  because  of i n s u f f i c i e n t  sample s i z e .  

1. Number of r e s t r i c t i o n s  on d r i v e r  l i c e n s e s .  The major c a t e -  
g o r i e s  under  t h i s  grouping a r e  t h o s e  d r i v e r s  having no r e -  
s t r i c t i o n s  and t h o s e  d r i v e r s  wearing g l a s s e s .  S ince  t h i s  
f a c t o r  was subsequen t ly  found n o t  t o  be a  s i g n i f i c a n t  pre-  
d i c t o r ,  it can  be assumed t h a t  t h e  wearing of g l a s s e s  co r -  
r e c t e d  f o r  any problems t h e s e  d r i v e r s  might have.  

2 .  Sex 
3 .  Age group,  d iv ided  a s  f o l l o w s :  

Age Group 1 d r i v e r s  under 20 y e a r s  of age .  
Age Group 2  d r i v e r s  i n  t h e  age r ange  20-25. 
Age Group 3 I t  I) 11 !I " 26-35. 
Age Group 4  I) 

I 1  11  I f  " 36-45. 
Age Group 5  I T  I f  I f  !I " 46-55. 
Age Group 6  I! II 11 ~t  " 56-65. 
Age Group 7  I f  I ?  T I  I f  I' 66-75. 
Age Group 8 !I II !I 11 above 7 5 .  

4 .  Type of L icense .  Th i s  could  be d i v i d e d  i n t o  major groups :  
pe r sons  having o p e r a t o r  l i c e n s e s  and pe r sons  having chauf - 
f e u r  l i c e n s e s  ( i . e . ,  commercial d r i v e r s ) .  

5 .  O r i g i n  of L icense .  Th i s  can  be d i v i d e d  i n t o  two major c a t e -  
g o r i e s ,  new l i c e n s e s  and renewal  l i c e n s e s .  Those pe r sons  
having  new l i c e n s e s  d i d  no t  show up a s  having  a  h ighe r  av- 
e r a g e  number of a c c i d e n t s .  However, s i n c e  our  measure of 
number of a c c i d e n t s  extended over  a  s i x  and one-half year  
p e r i o d ,  i t  would be expec ted  t h a t  pe r sons  having new li- 
c e n s e s  would no t  have a s  many a c c i d e n t s  because they  would 
be on ly  r e p r e s e n t e d  f o r  a  maximum of t h r e e  y e a r s ;  t h e  o t h e r  
d r i v e r s  would have been r e p r e s e n t e d  f o r  t h e  e n t i r e  s i x  and 
one-half  y e a r s .  



6 .  v e r  Educa t ion .  An i n d i c a t i o n  of whether  o r  n o t  t h e  per -  
son  had had d r i v e r  e d u c a t i o n .  

7 .  TQta l  c o n v i c t i o n s  s i n c e  1961. 
8 .  S p e e d i n g  c o n v i c t i o n s  s i n c e  1961. 

C o n v i c t i o n s  a r e  d e f i n e d  a s  f o l l o w s :  The c o n v i c t i n g  c o u r t  i n  t h e  
S t a t e  o f  Michigan sends  a  r e c o r d  of motor v e h i c l e  o f f e n s e  c o n v i c t i o n s  
t o  t h e  Department of S t a t e .  Any a r r e s t s  t h a t  do n o t  r e s u l t  i n  con- 
v i c t i o n s  a r e  n o t  r eco rded  i n  t h e  d r i v e r  r e c o r d s  f i l e s .  T h i s  s t u d y  

P used  t o t a l  c o n v i c t i o n s  ove r  t h e  e n t i r e  p e r i o d  of  January  1, 1961,  t o  
June  1, 1967. T o t a l  speed ing  c o n v i c t i o n s  were added i n  an a t t e m p t  t o  
d i f f e r e n t i a t e  between t h e  more s e r i o u s  a g g r e s s i v e  t y p e s  of o f f e n s e s  
and more r o u t i n e  c o n v i c t i o n s  such  a s  d r i v i n g  w i t h o u t  a  l i c e n s e ,  f a u l t y  
equipment ,  and s o  f o r t h .  

ANALYTICAL PROCEDURE 

The f i r s t  t a s k  was t o  i d e n t i f y  t h e  f a c t o r s  which b e s t  p r e d i c t  
d r i v e r s  who have a c c i d e n t s .  Our i n i t i a l  approach  was t o  d i v i d e  t h e  
d a t a  i n t o  a  number of  subgroups  based on t h e  s i g n i f i c a n t  p r e d i c t o r  
f a c t o r s .  There  a r e  a  number of d i f f e r e n t  ways i n  which t h e  d a t a  
c o u l d  have been s p l i t  depending upon t h e  l e v e l s  of  t h e s e  d i f f e r e n t  
f a c t o r s .  For example,  t a k i n g  t h e  f a c t o r  s e x ,  we cou ld  s p l i t  t h e  d a t a  
i n t o  male  and female  g roups .  We c o u l d  t h e n  f u r t h e r  s u b d i v i d e  each  of 
t h e s e  g roups  i n t o  groups  based upon, f o r  example,  age group o r  number 
o f  s p e e d i n g  c o n v i c t i o n s .  Obvious ly ,  by f o l l o w i n g  t h i s  p rocedure  t o  
i t s  u l t i m a t e  and u s i n g  a l l  e i g h t  independent  f a c t o r s ,  we would end 
up  w i t h  a  l a r g e  number of d i f f e r e n t  g roups  t o  compare,  one a g a i n s t  
t h e  o t h e r .  I n  t h e  s i m p l e s t  c a s e ,  i f  we make a  two-way s p l i t  on each  
of  t h e  e i g h t  independent  f a c t o r s ,  we would end up w i t h  256 d i f f e r e n t  
g roups .  I t  seems r e a s o n a b l e  t o  assume t h a t  a  l a r g e  number of t h e s e  
g roups  would n o t  be s i g n i f i c a n t l y  d i f f e r e n t  from t h e  t o t a l  p o p u l a t i o n .  
T h e r e f o r e ,  our  r e a l  t a s k  is t o  s o r t  o u t  t h o s e  groups  t h a t  a r e  t r u l y  
d i f f e r e n t  from t h e  o t h e r  g roups .  I n  o t h e r  words,  de t e rmine  which 
combina t ions  of t h e s e  independent  f a c t o r  l e v e l s  i d e n t i f y  groups  of 
peop le  who a r e  problem d r i v e r s  . 

The I n s t i t u t e  f o r  S o c i a l  Research  a t  The U n i v e r s i t y  of Michigan 
h a s  deve loped  a  computer program t i t l e d  t h e  Automatic I n t e r a c t i o n  
D e t e c t o r  (AID) which i d e n t i f i e s  and d i f f e r e n T i a t e s  acco rd ing  t o  av- - 
e r a g e  dependent  f a c t o r  r e s p o n s e  ( 3 ) .  T h i s  l a r g e  and powerful  program 
a u t o m a t i c a l l y  tests a l l  p o s s i b l e  groups  which can be g e n e r a t e d  on t h e  
b a s i s  of  t h e  v a r i o u s  combina t ions  of t h e  independent  f a c t o r  l e v e l s .  
The program s e l e c t s  from t h i s  v a s t  number t h o s e  groups  which a r e  t r u l y  
d i f f e r e n t  from a l l  of t h e  o t h e r  g r o u p s ;  t h i s  i n d i c a t e s  i t  w i l l  a l l o w  
u s  t o  s o r t  o u t  g roups  of problem d r i v e r s .  The a l g o r i t h m  s p l i t s  t h e  
t o t a l  sample i n t o  s u c c e s s i v e  ~ u b g r o u p s ,  u s i n g  f i r s t  t h e  most impor- 
t a n t  p r e d i c t o r .  I t  t hen  f u r t h e r  s p l i t s  t h e s e  subgroups  u s i n g  o t h e r  
p r e d i c t o r s  i n  o r d e r  of t h e i r  r e l a t i v e  impor tance .  T h i s  t echn ique  was 
used  t o  g a i n  knowledge from t h e  d a t a  conce rn ing  t h e  c h a r a c t e r i s t i c s  
of  problem d r i v e r s  . 

RESULTS 

The r e s u l t s  of t h i s  phase  of  t h e  a n a l y s i s  a r e  shown i n  F i g u r e  1. 
The most s i g n i f i c a n t  f a c t o r  found t o  e x p l a i n  number of  a c c i d e n t s  was 
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t o t a l  c o n v i c t i o n s .  A s  shown, t h e  t o t a l  sample  o f  1071 ,  h a v i n g  an  
a v e r a g e  o f  0 . 4 2  a c c i d e n t s  p e r  d r i v e r ,  was d i v i d e d  i n t o :  

1. A g r o u p  of  749 d r i v e r s  w i t h  0  o r  1 c o n v i c t i o n s  and a n  
a v e r a g e  o f  0 . 2 5  a c c i d e n t s  p e r  d r i v e r ,  a n d ,  

2 .  A g r o u p  of  322 d r i v e r s  w i t h  2  o r  more c o n v i c t i o n s  and 
a n  a v e r a g e  of 0 . 8 0  a c c i d e n t s  p e r  d r i v e r ,  a  v a l u e  o v e r  
t h r e e  t i m e s  t h a t  o f  t h e  f i r s t  g r o u p .  

Each o f  t h e s e  g r o u p s  was f u r t h e r  s p l i t  by c o n v i c t i o n s  and by a g e  
g r o u p ,  a s  shown i n  F i g u r e  1. The fo rmer  showed t h e  f u r t h e r  e f f e c t  
o f  even  one  c o n v i c t i o n  f o r  p r e d i c t i n g  a c c i d e n t s .  I n  a d d i t i o n ,  o f  
t h e  d r i v e r s  h a v i n g  more t h a n  one c o n v i c t i o n ,  t h o s e  i n  a g e  g r o u p  
20-25 had more a c c i d e n t s  t h a n  t h o s e  i n  o t h e r  a g e  g r o u p s .  F u r t h e r  
s t u d y  o f  F i g u r e  1 i n d i c a t e s  t h e  s p l i t t i n g  o f  o t h e r  g r o u p s  h a v i n g  a  
h i g h  number o f  a c c i d e n t s .  The f a c t  t h a t  most o f  t h e  s p l i t t i n g  
o c c u r r e d  i n  t h e  h i g h  c o n v i c t i o n  g r o u p  i n d i c a t e s  a  d e f i n i t e  i n t e r -  
a c t i o n  between c o n v i c t i o n s  and o t h e r  f a c t o r s  s u c h  a s  l i c e n s e  t y p e  
and  a g e  g r o u p .  

F i g u r e s  2 ,  3 ,  and 4  f u r t h e r  d e p i c t  t h i s  phenomenon. Each o f  
t h e s e  g r a p h s  shows a v e r a g e  a c c i d e n t s  p e r  i n d i v i d u a l  on t h e  o r d i n a t e .  
F i g u r e  2  i n d i c a t e s  how t h e  a v e r a g e  number o f  a c c i d e n t s  d i f f e r s  f o r  
men and f o r  women. For  t h e  g r o u p  w i t h  no c o n v i c t i o n s ,  b o t h  men and 
women h a v e  fewer  a c c i d e n t s  t h a n  d o e s  t h e  p o p u l a t i o n  a s  a  whole .  I n  
a d d i t i o n ,  t h e r e  is l i t t l e  d i f f e r e n c e  between t h e  a v e r a g e  number o f  
a c c i d e n t s  f o r  men and f o r  women. However, a s  c o n v i c t i o n s  i n c r e a s e ,  
t h e  d i f f e r e n c e s  between men and women widen .  

T h i s  same t e n d e n c y  e x i s t s  w i t h  r e g a r d  t o  a g e  g r o u p  ( F i g u r e  3)  
and t y p e  o f  l i c e n s e  ( F i g u r e  4 ) .  D r i v e r s  w i t h  no c o n v i c t i o n s  show 
a  low number o f  a c c i d e n t s  r e g a r d l e s s  o f  t h e i r  a g e  g r o u p .  The d i f -  
f e r e n c e  i n  number o f  a c c i d e n t s  between o p e r a t o r s  and c h a u f f e u r s ,  
a s  shown i n  F i g u r e  4 ,  d o e s  n o t  o c c u r  i f  we l o o k  a t  o n l y  t h o s e  
d r i v e r s  w i t h  0  c o n v i c t i o n s .  
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T h i s  would s u g g e s t  t h e  e x i s t e n c e  of a  g roup  of "good" d r i v e r s  
( i . e . ,  no c o n v i c t i o n s )  who a r e  much less invo lved  i n  a c c i d e n t s  t han  
is t h e  d r i v e r  p o p u l a t i o n  a s  a  whole.  Of t h e  remain ing  d r i v e r s ,  
c e r t a i n  g roups  have many more a c c i d e n t s  t han  does  t h e  p o p u l a t i o n  a s  
a  whole.  I t  would seem r e a s o n a b l e  t h a t  our  e f f o r t s  shou ld  t h u s  be 
c o n c e n t r a t e d  on i d e n t i f y i n g  t h e  "problem" d r i v e r s  among t h o s e  d r i v e r s  
having  c o n v i c t i o n s .  I f  t h e s e  groups  can  be made s m a l l  enough, i n d i -  
v i d u a l  a t t e n t i o n  can  be  g i v e n  t o  t h e s e  d r i v e r s .  

MODEL EXTENSION AND VALIDATION 

A s  a  r e s u l t  of  t h e  i n i t i a l  a n a l y s i s  of  t h e  d a t a ,  w e  p ropose  t o  
c o n s t r u c t  a  mathemat ica l  model which w i l l  p r e d i c t  t h e  ave rage  number 
of a c c i d e n t s  f o r  d r i v e r s  f a l l i n g  i n t o  v a r i o u s  g roups .  Using t h i s  
ma thema t i ca l  model, w e  shou ld  t h e n  be a b l e  t o  r a n k  d r i v e r s  based upon 
t h e  e x p e c t a t i o n  of t h e i r  hav ing  any g i v e n  ave rage  number of a c c i d e n t s .  
These d r i v e r s  shou ld  t hen  be  i n v e s t i g a t e d  f u r t h e r .  

Once t h i s  model ha s  been c o n s t r u c t e d ,  it w i l l  be n e c e s s a r y  t o  
v a l i d a t e  i t .  A f i r s t  measure of e f f e c t i v e n e s s  of  t h e  model can  be 
based upon such  s t a t i s t i c a l  c r i t e r i a  a s  t h e  m u l t i p l e  c o r r e l a t i o n  co- 
e f f i c i e n t ,  T  tests of t h e  i n d i v i d u a l  f a c t o r  c o e f f i c i e n t s ,  and s o  
f o r t h .  However, it is much more impor t an t  t o  a sk  "Is t h e  model t r u l y  
do ing  t h e  j o b  t h a t  i t  is supposed t o  be doing?" In  t h i s  c a s e ,  s i n c e  
t h e  model is supposed t o  s i n g l e  o u t  g roups  of  bad d r i v e r s ,  we wish  
t o  de t e rmine  how well t h e  model a c t u a l l y  p r e d i c t s  g roups  of bad d r i -  
v e r s .  The f i r s t  s t e p  i n  t h e  v a l i d a t i o n  p r o c e s s  w i l l  be t o  app ly  t h e  
model t o  t h e  group  of d a t a  which was used  t o  deve lop  i t ,  and t h u s ,  t o  
de t e rmine  how well t h e  model p r e d i c t s  ave rage  number of a c c i d e n t s  
ove r  t h e  r a n g e  of  t h e  v a r i o u s  f a c t o r s  c o n t a i n e d  i n  i t .  The r e s u l t s  
of  t h i s  a n a l y s i s  may s u g g e s t  neces sa ry  m o d i f i c a t i o n s  of our  model.  
Once t h i s  p rocedure  h a s  been comple ted ,  model v a l i d a t i o n  must be ex- 
tended  t o  independent  sample g roups .  I t  would seem obvious  t h a t  t h e  
model w i l l  make b e t t e r  p r e d i c t i o n s  f o r  t h e  group  of d r i v e r s  from 
which i t  was developed than  f o r  t h e  independent  sample g roups ;  however, 
i f  t h e  model is t o  have g e n e r a l  u s e ,  i t  must be a b l e  t o  p r e d i c t  prob- 
lem d r i v e r s  from any groups  of d r i v e r s  t o  which i t  is a p p l i e d .  I n  
o t h e r  words,  i t  must l i t e r a l l y  p r e d i c t  f u t u r e  e v e n t s  a s  w e l l  a s  
l l p r ed i c  t ing"  h i s t o r i c a l l y  observed  r e s u l t s .  
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